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whence we have by substitution
(270)                           U = TS - p V + and therefore
(271)                  gp = U-T
In other words the potential Q> of the mixture is equal to the sum of the masses of the constituents multiplied by their corresponding partial potentials.
In the special case of a single substance, the partial potential p becomes, therefore, identical with the therm o dynamic potential f^ of unit mass at given temperature and pressure.
The above result also follows from the fact that ?7is a homogeneous function of the first degree in S, V, Ma, . . . Mk (not in general a linear function) whence by Euler's Theorem of homogeneous functions
(272)   U-S^ + rg+^JK^-ST-pV + ^Kto.
In general the potentials ^ depend on the percentage composition but are independent of the total quantity of mixture taken, so that if ma, mb, . . . mk are the masses of the constituents, v, s the volume and entropy, {ia, l*>b} - • • ^k are expressible as functions of v, s} ma, , . . <mk, or if preferred they can be expressed as functions of the pressure jp, temperature T, and percentage composition as defined by the quantities
ma, Mb, - - - Wk subject to ^ mk = 1. In other words pa, p>i>, • . . ^ are homogeneous functions of zero degree in S, V, Ma? . . . M&.
152. Transformation of the Fundamental Equation. The equation (266)                   U-f(S, r,Ma,...M$
is called a fundamental equation, and as has been stated above, the existence of such an equation is an axiomatic consequence of the fundamental principles of thermodynamics, and for a homogeneous mixture f must be a homogeneous function of the first degree. We shall now show how to deduce other equivalent forms of fundamental equation suited to cases when the .system is specified by different choices of variables.
We observe that equation (266) and the subsidiary equations
3U            3U                 3U
form a system of Jc + 3  equations connecting the following 2Jc + 5 variables, namelyby altering the volume or by adding or with-            I
